New Concept of Historical Indoor Microclimate - Learning From the Past for a More Sustainable Future  by Pretelli, Marco & Fabbri, Kristian
 Procedia Engineering  161 ( 2016 )  2173 – 2178 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).








a University of Bologna, Dept.Architecture, Via Risorgimento 2, Bologna, Italy 
bUniversity of Bologna, Dept.Architecture, viale Cavalcavia 51, Cesena (FC), Italy  
$EVWUDFW
+LVWRULFDO DUFKLWHFWXUH LV D ORQJ WLPH VWXGLHG VXEMHFW LQ (XURSH:H NQRZ EXLOGLQJ WHFKQLTXHVPDWHULDOV DQG
SUREOHPVOLQNHGWRWKHGHFD\DERXWPRVWRILWDQGHYHQVROXWLRQIRUWKHUHVWRUDWLRQSURMHFWGHSHQGLQJRQWKHJRDORI
WKH UHVWRUDWLRQ LWVHOI DQG WKH LQWHQGHG XVDJH $ OHVV VWXGLHG DVSHFW RI +LVWRULFDO DUFKLWHFWXUH LV WKHLU KLVWRULF
PLFURFOLPDWHV UHVHDUFKHV FXUUHQWO\ FDUULHG RQ LQ WKH 'HSDUWPHQW RI $UFKLWHFWXUH RI 8QLYHUVLWj GL %RORJQD DLP
VSHFLILFDOO\WRVWXG\WKLVILHOGRIDUFKLWHFWXUHFRQVLGHULQJLWKLJKO\UHOHYDQWWRDFFRPSOLVKWKHJRDOVRIDQ\UHVWRUDWLRQ
















© 2016 The Authors. Published by lsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
2174   Marco Pretelli and Kristian Fabbri /  Procedia Engineering  161 ( 2016 )  2173 – 2178 
,QWURGXFWLRQ
.QRZOHGJHDERXWUHVWRUDWLRQLQFUHDVHGPXFKVLQFH9LROOHWOH'XFDQG5XVNLQWLPHVZLWKDQLQFUHDVHGQXPEHURI
VWXG\ FDVHV DQG WKHRUHWLFDO DSSURDFKHV DQG LQ GLVFLSOLQHV DQG GLVFLSOLQDU\ VHFWRUV DV ZHOO VXFK DV +LVWRU\ RI
$UFKLWHFWXUHDQG&KHPLVWU\RI0DWHULDOV ,Q WKLV ILHOG WKRXJKRQHRI WKHPRVWQHJOHFWHGVXEMHFWFRQFHUQVDQRQ
PDWHULDOFKDUDFWHULVWLFRIDUFKLWHFWXUH+LVWRULFDO,QGRRU0LFURFOLPDWHLHLQWHUQDOFOLPDWLFFRQGLWLRQV6WUDWHJLHVWR
FRQWUROPLFURFOLPDWHZLWKLQ VSDFHV DUHERUQ LQ WKHGDZQRI WLPHV DORQJZLWK DUFKLWHFWXUH LWVHOI VXFK DV WKH ILUVW
EUD]LHUV WR FRRN KHDW DQG SURWHFW RXU DQFHVWRUV¶ FDYHV 7HFKQLTXHV HYROYHG XQWLO WKH PRGHUQ +9$& +HDWLQJ
9HQWLODWLRQDQG$LU&RQGLWLRQ6\VWHPWKDWDUHDEOHWRPRGLI\WKHLQWHUQDOPLFURFOLPDWHRIEXLOGLQJVLQGHSHQGHQWO\
IURP WKHRXWHU VSDFH ,QKLVWRULFDO EXLOGLQJVPRVWO\EXLOW EHIRUHWK FHQWXU\ DQGRI+9$& LQWURGXFWLRQ LQGRRU
PLFURFOLPDWHFRQGLWLRQVZHUHVWULFWO\GHSHQGHQWRQWKHDUFKLWHFWXUDOWHFKQRORJLFDODQGORFDOWHFKQLTXHVXVHGWREXLOG
WKHP7KLVPHDQVWKDWHDFKDUFKLWHFWXUHLVFKDUDFWHUL]HGE\DVSHFLILF+LVWRULF,QGRRU0LFURFOLPDWH+,07KXVWKH
LQWHUQDOPLFURFOLPDWH RI HDFK EXLOGLQJZDV VWULFWO\ FRQQHFWHG WR WKH VSHFLILFLWLHV RI LWV WHUULWRU\ DQG DUFKLWHFWXUDO
WUDGLWLRQV5HVWRUDWLRQLVSHUIRUPHGLQ(XURSHIRUDERXWWZRFHQWXULHVDQGGHYHORSHGLQWKLVWLPHDQLQFUHGLEO\GHWDLOHG
DWWHQWLRQWRPDWHULDOIDFWVRISK\VLFDOSDUWVRIEXLOGLQJV±VXFKDVPDVRQULHVIORRUVDQGILQLVKLQJ(YHU\UHVWRUDWLRQ
SURMHFW VWHPV QRZDGD\V IURP GHWDLOHG UHVHDUFKHV RQ KLVWRU\ IURP DUFKLYHV IURP ELEOLRJUDSKLF DQG LFRQRJUDSKLF
DQDO\VHVDQGDUFKLWHFWRQLFVXUYH\VREWDLQHGWKDQNVWRHOHFWURQLFLQVWUXPHQWVSK\VLFDODQGFKHPLFDODQDO\VHVRIWKH




2.1. HIM evolution and history 
7KHGHILQLWLRQRI+LVWRULF,QGRRU0LFURFOLPDWH+,0DVUHSRUWHGLQKHUHLVVWULFWO\UHODWHGWRWKHVWXG\RIHYROXWLRQ









2.2. HIM and its articulation in different concepts 
+LVWRULF ,QGRRU 0LFURFOLPDWH +,0 DV D SURGXFW RI WKH LQWHUDFWLRQ EHWZHHQ WZR PDLQ SDUDPHWHUV 75+
7HPSHUDWXUHDQG5HODWLYH+XPLGLW\ZLWKVRPHRWKHUDLUVSHHGVRODUUDGLDWLRQ«LVWREHVWXGLHGVSHFLILFDOO\EHLQJ
D PXOWLGLVFLSOLQDU\ UHVHDUFK FRQFHUQLQJ PDQ\ DUHDV RI LQWHUHVW IURP DUWHIDFW FRQVHUYDWLRQ WR FRPIRUW %XLOGLQJ
3K\VLFVDUFKLWHFWXUHGRZQWRKLVWRU\RIFXOWXUH+,0FRXOGEHGLYLGHGLQWR$Original Indoor Microclimate (OIM)
ZKLFKLVWKHKLVWRULFDOO\RULJLQDOPLFURFOLPDWHWKDWFKDUDFWHUL]LQJWKHEXLOGLQJDWWKHEHJLQQLQJ7KLVFDQEHVLPXODWHG
DQGVWXGLHGWKDQNVWRWKHKLVWRULFFOLPDWLFDQGDUFKLWHFWXUDOGDWDDQGRQWKHKLVWRULFDOLQIRUPDWLRQRQWKHSHULRGRI
FRQVWUXFWLRQRI WKHEXLOGLQJ7KHNQRZOHGJHRI2,0 LV UHOHYDQW WR VSHFXODWHRQ WKHSRVVLEOH UHLQVWDWHPHQWRI WKH
RULJLQDO PLFURFOLPDWH ZKLFK LV YHU\ RIWHQ WKDW ZKLFK HQVXUH WKH EHVW FRQVHUYDWLRQ RI WKH EXLOGLQJ LWVHOI %
Subsequential Indoor Microclimate (SIM)DVWKHPLFURFOLPDWHSUHVHQWLQKLVWRULFWLPHVLQWKHEXLOGLQJFRQVHTXHQWWR
YDULDWLRQVLQWKHEXLOGLQJ9DULDWLRQVDVDGGLWLRQVFRYHULQJHWFFDQEHGHGXFHGIURPKLVWRULFDQGDUFKLWHFWXUDOGDWDDV
ZHOODVRQUHVHDUFKHVRQWKHSKDVHVRIFRQVWUXFWLRQRIWKHEXLOGLQJLQFOXGLQJSODQWV&Actual Indoor Microclimate 
(AIM)FRQWHPSRUDU\PLFURFOLPDWHGHWHUPLQHGE\WKHVWDWHRIWKHEXLOGLQJLQSUHVHQWWLPHV7KLVFDQEHUHFRUGHGZLWK
LQVWUXPHQWVSODFHGLQORFRGXULQJWKHPRQLWRULQJSKDVHDQGWKHGDWDFDQEHXVHGGXULQJDPRGHOOLQJSKDVHDQGHYHQ
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EHYDOLGDWHG7ZRPDLQPHWKRGVDUHDSSOLHGWRSHUIRUPWKHVHVWXGLHVUHVHDUFKLQWRKLVWRULFDUFKLYHVDQG%XLOGLQJ
6LPXODWLRQZLWKLQ9LUWXDO(QYLURQPHQWDO%XLOGLQJ7KLVODWWHUVWXG\PHWKRGFUHDWHVDYLUWXDOPRGHORIWKHEXLOGLQJ








ZKLFKLVXQXVDEOH7KLUGYLOOD3HWUDLDLQ)ORUHQFHZKLFKZDVGHWDLOHGH[DPLQHGLQVilla La Petraia: historic indoor 
microclimate.  Effects and permanent changes E\6LJQRUHOOL/ DQG)DEEUL. LQ WKLVYROXPHZKHUH WKHRULJLQDO
VLWXDWLRQLVFRPSOHWHO\PRGLILHGE\WKHFRYHULQJRIDQRULJLQDOO\RSHQLQWHUQDOFRXUW\DUG
















NQRZOHGJH LV DQ DUFKLWHFWXUH WKDW PDLQWDLQV KLJK HIILFLHQF\ OHYHO ZLWK YHU\ ORZ H[SHQVHV 7KH PDFKLQH IRU WKH
FRQVHUYDWLRQDQGFRQVXOWDWLRQRIWKHPDQXVFULSWVEXLOWPRUHWKDQILYHFHQWXULHVDJRLVVWLOOIXQFWLRQDODQGRSHUDWLYH
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ZLWK FRVWV WKDW DUH VWLOO YHU\ ORZ UHODWHG WR URXWLQH DUFKLWHFWXUDOPDLQWHQDQFH DQG WR WKHPDQDJHPHQW RIZLQGRZ
RSHQLQJZKLFKLVWKHPDLQZLVHO\GRQHZRUNWKDWPDLQWDLQVWKHSHUIHFWLQGRRUPLFURFOLPDWHRIWKH/LEUDU\


















SUREDEO\ VWULFWO\ OLQNHG WR WKH$FWXDO ,QGRRU0LFURFOLPDWH$,0 DQGFRQVWLWXWH DSUREOHP IRU FRQVHUYDWLRQ7KLV
VLWXDWLRQSUREDEO\GHSHQGVRQWKHORVVLQIXQFWLRQDOLW\RIWKHV\VWHPRIRSHQLQJVSUHVHQWRQWKHDUFKLWHFWXUDOERG\WKDW
FDQQRW EH RSHQHG0RGHOOLQJ DQDO\VHV FXUUHQWO\ FDUULHG RXW VKRZ D VXEVWDQWLDO LPSURYHPHQW LQ UHVSRQVH WR WKH
RSHQLQJRIWKHVHZLQGRZVSRLQWLQJRXWKRZ+LVWRULF,QGRRU0LFURFOLPDWH+,0ZDVPRUHDGHTXDWHWRWKHFRQVHUYDWLRQ
RIWKHFRPSOH[
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